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BIO^SyNlSETlC MAHOX AND USES THEREOF 

I 

H ABSTRACT 
Tlie pnseot invmlxon provides a1^<^^ 



hlinking aayofisetic polymer and a t)io-po|ymer. The matrix is robust, bioconqistible end 

invivo. The ixiatrix ^nbetanoredto f^ftfle^coxx^Hise me ormoz^bioaotive agents^ The matxfx 
may also cojBpxiss cells eocapsislBtcd and disperaed therdbi vMch are capable of pzoliferadng 
upon implamaiiQQ of ttiematdx in wvo^ Hie present mvestion also pxovidfts ainetfaodof 
prcpaiing tbe bio-^mftketic matoix ai^ 
10 dnigddiveEyap^tiGatioii&. 
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FKUKOF THE INVEimON 

The present jnvoHtioii pggtmia to flig fiahl rfiiMtift et^^|iT^yftrl n£ ^ partlcnhir to g bto- 

fifltttibetie niBtrix oon^sing al^ydrpgel hiiiaUe fiir implantation ^ vnv. 

I* 

I 

r 

I^CKSRODND 

Tissue engiDBaring is a rapidly gn>wing|Bd(l encmqiassiiig a mimber of technologies simed at 
ttsaadBg or lestorins tissue and oagmftncann. Tbs key oWecitve fa tiMaa ewetn^^rhi j f ^ ft,,, 
r^eaetttton of a defecdve tissue flnonii fte use of n«l^^ 

tiaaue so as to testore nonnal tissue fiia|tion. Tiaaio cpeiaeflriBB. fli«gftwi, ifm^^- •"B trrinh 
that cim support call iiiPgfowth or eacs^mlatiQttB^ 

I 

Pobmer eaapositions are finding widt^pmd applicatioa in tissue eiitgtneerii«. Natozsl Wo- 
polymew sudiaseonegBns, fitaiii, dginatM 
suHiort ia-growtti and fljaeivsiil^ 

however, aiegenetBnyinsu£Bd«itIyn)rWfat^ In contrast marttoespispanbd 

fc»mqmflieticpolj«e«cmbelbiimdjtedtoexhfl,itpr^^ 

BBgd siiauaiii, as weu as biological ch^cteristics sud^ 

analogues of wtund polymath aiA asbolyj^ pol^lene imiae. and the like, can exhibit 
cgrtotedc efifeeb ff.ymi «: X-nger. J. A^er. Omt Soa, 122:1 0761-10768 (2000] have lead to the 
devdfipmaiit of tdtetnattvo qnaieticiH^simets fir tissue engineering sifplioations. 



Hydtogels aie cn>Mlinked. v^ins<fl4le, wate 

biocoaij»atihlliQr and have a decHMsed pudency to induce tbrowbo^ 
iaflaamurfonaad as such a» ideal canifada^ 

IVdiogeb in cett bMogy is wdl knowJ [see ftf flMMp^ 

-Afcthods in Tissue Bagineariiqf> Aca4snifc Resg^ San Diego. 20023. A ^ variety <rf 
hydrogds for fa vfvo iqipUcalioas have 'been described [see. for oceaple. the ceview hy Joong. et 
oL. Adv. DrusDeliv. Rev^ 54:37-51 (2002)]. Ifydiogeh based onN-isopropyiaciytamide 
(NiPAAnO and certain co^olymera thtieof; tat examine, aw non<«»cie and eivaUe of 
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1 • ■ 

sig^otdag growth of aneqpsolaied cells in -ritro [VaauH^ el dL. ifiienmoL Syagf^ 109:155-167 
0996): aae, ef ol, Mien>0fo/»»&». 32:7370^ (1995); Stik;, et cL,Biomacroni9teaaM 1- JPi - 
600.('2002}: Stfle, «al, Btoj7ia(!roiiK>i|eiiI!uX- 185-J94.(200IJ: Wthh, etaL, MOSC 
OrOtopaedieJ., 3:18-21 (2000); An cf U.S. PateatNo. 6,103,528]. However, despite 
maiiliiulatbns of agnfltesis conditions and improTemeots to enfaanee biocompaliUlt^. it is still 
difGcolt Id oibiaia a seamteas ito$t-imi>y&t iDtet&ce and complete integration of flie implant into 
thobost Odis. etaL Sunr. Opbdudmfll! 42: 175-189 0997); TWakaus-RandaUandNijgwti J. 
Controlled Rriease 53205-214 (lMg)]r 

m 

Modifications of ^ede potymer g^I^ vnfh a secondnatundly derived po^wiQ gnunate an 
inle^jemrtming polymer netweik ("iroi^ 

Outowakaeral, A&mw«»fecirf«; 27:41670994); Yoahidft^ffli, Nature. 374:240 0995)- Wu 
A Jiadfi. U.S. Patent No. 6.030/S34; f^AetoL. Patent No. 6^U78]. Howev«. the^ 
8«n««an»a»ftaqBfln*rde«abiHsedb3?<^^ 
media and by plQ-siolodcal fluids. NatAaUydcrfvedp^^ 
witMnHiBbody lesultiin in destahiWion of to vfi» implants. 

Mo«iota»rtl««lmfirfsconii»i8lng«aw^i^ ^^^^ also been describad. 

Por«aa«d,,U.S.Pate«No.<?^8S,047deaoribc3««»position^ 
««>a««mi«andalvdropMliopol^ 

P«lj««isation. U.S. P«eat No. «^;i78 d^ 

canto/«*«f«andwluchcomp*i8estw>5ynihericpoly^ 

emiips and the other containing nnfltipLnuoleophiKcgMupa. Both U 
««»<^3W405de8cribe8j«enistiBrtinJstbecrp,,.lin^ 

25 "q«^t»»««ofinitlatoMthataw4lla««TOtobec3toto^ 

ftnsleadingioposalMesideefftelsifAelvdiOgdtwto^ 
eneapsolatBdedls. " 

i 

U.S.Pat»ntNo.63H10SdescnT«sl,^ectable,biode8««Iabfcpol^ 
30 P»l3^Wl«n»fi»H«to>andpoMathyleno8l,col^ 

*totTl«hgrd«^de9Cribedinad8prtnnta«l8rgdybasedonpol^^ 



20 
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OKcde backbone polymos. Although the^ polymers ete Vnomi to be UocompatibJe, their ability 
to 8i9poit cdl gFowd) 15 ufleartahL 

r 

There remains a need therefore, for a aa^trix that is biocon^istibld, sufiBcieDtly fobust to fimotioD 
S asanjTi^lamandthat5i9portsceUgrot\lhx»v^^ 

TWstacJtgroiauiinfimnatiattlspiovid^ftrtlwp^^ 

byfliaappIi«aittobeofi««BdhtewI«i«^ No admission is wcesBaii^y 

nxteoded, nor should be < 



10 against aiei>mentiiiveitttoii. {■ 



SOUMAIIY OF IBS DTi^ENmXN 

An olgeet of flie present ii««aaoa is toji^^ 
a«w«dance -wih an BSpMt of flw prom^ 

said syaftsticiwlyaier comprises one c^imTO«;i^ 

oo.moiioincBandoaeorinoiederivBti|edcari^^ 

ooss^iokiQgnu^etios. 

I • 

inatiix as a scaflSM to support tioiie i^iab and Rge^^ 



M aecoidBsce ^ aaoOier aspaot of tl* invention, tfiem !s piovided a use of the 1iio.qymlietie 
matrix to deUver owe or more bioactiv^iigwrtaintoatiasiia or ow^ 
25 'i 



^desIriptd 



BRIEF DESCRIFXION OF THE FICHPES 

1 depicts tho general stmcture rtFthe texpolymer cfl^ABopropfba^bat^ (NiFAAm), 
aaorliQ acid (AAo) and NiacotyloiQ^neelnlttide (ASQ. 
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matrix prepared by cross-Unking GoUa^oi and teipo^mer ofN-tsopxopylacfylainid^ 
(NiPAAmX Bcsy&Q add (AAc) andN-aotylasQrBUocA^^ C^SI) uofti the cdi adh^acm motif 
(YSIOR) covsaenliy bound to tibd tdfpol&mer. 

^ifegwJpirogiilstocliiriialres^ 
ptepated dK»m a bio-^sniflic^ inatrte 

isoiropylaiaylamid^ (NiPAAm), acryllb acid <AAc) and li'-mafimymmMaddB (ASI) iwiOi 
cell adhfission motif (YSK^) covalendbl^ bound to the topolymer. 

■ 

Aitificial comeas -wwe {trepaied ikom a^o-qnAede matrix prquied liy «xos»-1ii«)mig collagen 
and 8l«iKil3fiiierofN^«oiiR»py^ 

Bdbmlaa motif eovalaiQy bound t»liie te^^ 

I 

ITteaw 5presents lie tesiilt* of « v/voLifi^ 
Pigs. Artificial coineaa ^w«pIqpa^ed Jom * Wo^fy^ by cmsfr-linklog 

coIli«(ma»d al«iK*mBrofN.*o^^ aaylic add andN^wysiw^iiiinnde 

'ivIihthB can aAimMmino^<YSIGR) <tovaleoi|)r1miinaio die teipeijnner.. 
20 I 

tf depicts vfw tasting fi» COM 
Aitificial cwneaa v«» prepared ftom *Wq«fli^ 

andal«ipolynierofN.lsopnjpy''»«ylaialde, aciyllo acid and N-aoylcixysueciifinildewWi the cc^ 
adhesion iaetl£(YSI®) coivateBtlyboind to the teq»^^ 

It 

I 

niBww 7, 8 aarfP present ftetasidts .jfaKttpl»k^ andW«*amical assessment of aitifidal 
corneas ttanqJanied into pig3.Aitifici|l comeas Mwwiawd^ 

prepared by crosa-liiJdng collagen aad|ft tatpolymer of N-isopropylaHylamid^ aaylie aeid and 
N-ac^ylTOtysucciniinide with the ceU adhadon motif CYSIGR) eovalently bound to the 
30 ieipo|ymer.. 
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FIfftre 10 Ovym (A) the stmetm of ib^ tapolsfmet^ O) oozmd scafEbld eoiqposed of 
tfaendogelledcollagea osD^, (C) corned scaffold axayiosed of aoss-linked collagen and a 
terpolymer ofN-isopropylaarylainido, ajiiyiio add and N-actyloxysucomlmidQ vnAi 6ie cell 
Qd^iBSion motif (ySIGR> oovaientiy boulid to tiie teQMlymer. In vitro nerve growth patterns 
wtthir the coIlagett-tcrpoIymCT composite are shown in (F) and within the undedying host stroma 
in (G)« (HO ^ows inrgiomng stromal celk. 

FiBures II and 12 depict the deHiveiy a l^drogd coaitBtning collagen and tte teipolyiner- 
penta^ieptldd into nouHise and lei faiafais 



OETMUm D£8CRIPTICXN OF THE INViamON 

It should be understood that this tava^m is not limited to the particolar piwess steps and 
materials disclosed herein, but is exten(ied to equmOents thereof as would be wognised by those 
ordinaiflysleiUedin the zetevant arts. diouid also be imdentood that tenainologye^^ 
15 Iwiehiisferiheiiuiposeofdesccihingparti^^ 
limiting. ^ 

• 

DEFiNmONS ' 

'f 

Unless defined othcwisA, an tadujicalW 
eoaunmify UDderatoDd liy one of aiding ^ ilk dtt 

The tenn 'VlMfi^ as Med hBCBin te^ts tp a oossJ^ 
abmiy to swsll in wate and to teteita a^lgnifl^ 
dissolving: j 

t* 

25 TI»fc™"t>crfyni8e»asiisedlwBeinrei 

joiDedtogstber. falheoMitertofftBp&Mitti^^ 8 polymer mnyconqaiseaonomers that 
an joined "end-to-emP to finm a linear xmOmeakt, or ntay eomjnise monomeis ftat an J<dned 
together to jEbnn abnancbed structure. 
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Tba term 'toonomcr^ ad used herein Tefeis to a dmplo orgsoiic molecule iwbich Is ^aUe of 
fonning a loQg diaizi eiCher alone or in comUoatbn vOOi other aimilar o^gBoic moleeatn to yield 
a polymer. 

5 

* 

Thetienn'^x^-polymcr'*astiscdhcrBmrfeiferatDapoljTnerti^ 
monooias. CoiptdtjnnetB oan be fegnbr.nn^ 

aco-poIytterinv/liiGlitiiemoinin^ tumtOBgiomAmAB^A 
xandom co-polymer miylwvB asHiuBiB^ ABABABABX Amtudom oo-pcdymBris aoo-polynier 
10 m'wiudxthBdifferaittiiioncBnersaiearte^g^ 

polymer mcdewle (eg: 6nwMmiiasAaadB,aiuiii(mco-polyma 
AABABBABBBAAB). In iwniiasl, a Mode co-jwlyiiier is a 
nwrnoaiBrs are sqMWBd Into discrete i^oas 

OUfflwnBraAaiMlB,aMo«*co^BlyB^tinByli^ AfiMfiwI 
IS «»-POlymerrEfe»toaoo.iTOlymerwwihl8madebylia^ 
a anofliar polymer molecHle of a dl fi e i gai wu ipo aflon. 



Tlie tOT *W*obmei» as ii«ed hereto . 

QccuniTis polymerg inclnde. birt ate not Hmitad to. tMotetns and enrtolyfTWtp, 

20 

Tlie torn •Synthetic polyaMa** .8 used Ijerem 

and flat is produced bv chankal ar tieAtrnhfa fT* ^Hu^ ^ 

J 
t 

Tlwteminrfbaoihwagpnr as uaedh«4tawfa9<o am 
25 J%si««08ical.fheiapeulic<tt<BagnosMdBbrtto^^ 
iiiMganic. Bispicsentativoeac^^ 
fiagmentsihefeofi anti-tumour and aniiieoplaartlccoanpm^ 

inflammatay compounds, antibiotic c<]mpoumls such as antifuiigal and antibacterial compounds, 
cholesterol lowering dmgs, contrast agents for medical diasnosttc imaging, enzymes, ig^ddfles. 
30 lo«laaae8thBties.lionnones,anti-anefogenic agents, neurotransmittB^ 



7 



3 



C& 02397379 2002-08-09 



25 



j 

digoimeleotides, viial partide^ veetonl growth fictctts,(etiiieids. edl adliesioin &£ataa, laninia, 
lumnmies, osteogeote fitptois, antibodies and andgons. 

ii 

The torn '^oconqmdble'' as Tised bein^ refte to an abiUl^ to be ioeo^^ 

qretem, such sa into a xnammaliaa oxeari or tjasne. wiflmnt atjmttlatiwg m immiinft gn^ i / <w 

mflammatoiyiesposse, fibrosis or other edvenetisaaeiesponBe. 



1. BiajgJNmBXtC MATRIX 




The pteaem fawadoninovides a fimcta^ 
10 fi«ntdhycioss.l!rfdn8a^piiaiedcpol§meraiidabU^ 
biocompatihle and noa-i?ytotoxic. The ihalrix accoidiiw 

gwwtb. including qtitholial and endod^ siafiee ceveisge fta two dmiensional. 2D. growthX 
a»w-dimea8w i al(3Q>cdlmrgCTw^ 
conq«ii8eoBeorino»bioactiwagciit9*qA«««^ 
15 ««y«««^P«P«ide^iaotdiii^dmg8,gH»k«^ 

attached to the static polymer, orit^ be encapsulated and diveBcdvvhfainae final 
matrix. Tlie matrix may elTO conqirise cidls enc^w^ 

capable of pioliftratfng and/or diva8i&8lio& upon implantation of the matrix in vivo. 

* 

i 

20 JU ^HthedePafymo' 



toaccoidanc* Witt the present imreirtio|i. the syn^ 

synthetic matrix is aco^wlymer compnsing one ormoie aeiylamide derivatives, one or moie 
lordroplrilic oo^unomers andone or n^ote derivatised earttoxjiie add co-monomers which 
con9ai8ependBiit«i05»«™ia4,temoiet^Theco-po^miOrbeHnBarorb)^ 
random or block. In accortance with tlte present hwenlion, tt» final aynthatiopolymar comprises 
a pturaK^ of pendant reactive moietieai(available fbr ooa^Ofaddng or vma^ of «vn>priate 
Womoleculcs. The ovetaD hydropWlidiy of the copolymer is controlled to conftr water aftHfljility 
at O'C to physiologica] tempentares without piec^tation or ^taae ttaosition. 
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As is loiovn in flis ait. most syndifldc palym^ 

variops dLffiBtgpt avaagea of tiae moleci^ar msuia iqg nf^y^ riji^HrtgmicH?^^ for gmnpltt, the 
mimber aver ogp molecular mass (MiO the veieiht average molecular mass Q^iIb^ Hie 
molccolar weight of a synthetic polymelia usuaUy defined in temis of tta numher average 
molecular mass (^d4), which in turn is d&fined 

nt Isthenumbtf of molecttlBS in the dia^ibiitlcm wMisiass Mi. The syitth^Hc polymer for use in 
liie matrix of die {o^em invendm fypi^^ 

SfiW and 1 ,00(^000. la one embodimem of tiie pBcaem farventian» the 14. of the polymer is 
between about 25,000 and about 80»00(|p In amlated embodmient.fteMo of the polym^is 
between about 50,000 and about 60,ood: In a mlated embodimeiit, the Mo of the po Wr is ^ut 
56.000. 

used herein, an "teylamide dorivathw*' 
methattylamidc. Examples of acrylamiJc daivmives suhddefiir uae ^Oe ^mthetic polymer of 
15 tiie present invention include, but are not limited to, N-isopioiylacaylamido (NiPAAmX NJP- 
diethylacrylamide, N-aciyloylpyrtoUdiroc N-^laoylamide, N-isoiropylmefliacrylanijdo, HN*- 
diethsrlmethacxyhmnde. NHroefhacrylay^iyiiolidme^ N-elhyhnetfaaciylamide, and comlnnafiom 
fteieoT. 

that is capable of eo-poljnacrisation wlh the BtajpfamidB dMfvathre coiqiKnieiB of Oe lyntfafiiie 
polymer. Exainples of suitable liydiopfailiQ co-monomeis are faydtophmc arayl- or maftactyl- 
contpovnils audi as oartnxylic acids, scqMde^ mcthaoylaiiiide. bydiopliiUo wtyjmnidt, 
dMivathre^ lgr*o|*moinpaiBci^^ 
25 IwAopWHcinefliawyBc add esteem 

nwtbaciyBc add. or acen^WnadottthefcotBtanipto oflvdtoiphilieaoiyjaniide darivativea 
Iwdude. b« are not Kmited to, NJ^^^ylaoylaiaide, 2-(NJI^ 
2.BtfJ^^cfhylaniino]etlflrlaoiytemde.:!»^ 

e&ylmatfaaaylainidQ, 2-IN^^rtliybnino]e%lmethamylBniide. or comMaatkms thereof 
30 Examples of hgrdropbilie acqdie esters indnde, tut are not limited to, 2-tNJ|.dietlqrlaiiunD] 
edorlactylat^ 2.IN,NHiimetiiyIaniino]eth»laciylatp, Z^N^N-dleasaaminoletlvtoethaaylflta. 2- 



li 
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[NiH^SmcOylamlxio] eOylmefhaec^ate, or ccsmbinmioiis tftensoC sdecttd to tniAifftm Bqueoos 
stdubiltly aoA ftee dq i u fiom pluoe transhion nnte use conditioiis. 

5 meOmoiyl* cazbo^cyllc add, for exwpl^ acoylic add, mcthaciylic acid, or aconibii!iatioiithex6o£ 
i^di has been chenueally dedvatized tb cantainaziD mozc emss^Uzddog moieties, such as 
sucdnitnl^yl gronpa. Una tniA 'tacdailu^rl gxoi^i" is intended Id aiBonq»s3 vanatioiis of the 
genetic saceinimi^ groi^ audi as 8til|liosucGitiiiiii4yl gitoups. Ottm sfanHar strasium sndi as 
2-(N-TOoiphoUno)ethaoc5Uliii add (will also he apparent to ftose skOted in tfio art In flie 
10 context of &e preseaot invention a saccijiiniiclyJ group acts to increase tihc reacttvi^ of tte 
eaiboxylic add groft?i to uAjcb it is att^hcd towaids pzimarfr amines (La -NHb groups) and 
tfiiolfi -SH groups). Examples of sUttbiedoivatiaedcaitoxylic addco-monomeia ftr use in 
the synthetic polymcr indude, but ate not linutod m» N-ai»ylo3cy3ucc&ttimide. 

IS to <»der for the ^Tiflietic polymer to he suitably 

ratio of acxylamide deiivative(5) to hy^philio co-monomei<8) is optimised. In additionp flw 

manber of deiivatised carboxyJic add <y>monomeT(8) piescnt in the imal polymer wiU detendne 

the abni^ of the esthetic gel to to <^$-Hito \^ 

matrix, la acGcndance vdtb the presem ^ivwition, 1^ 
20 polymer is between 50% and 90%. the &momit of Iqrdrophilie GD-monomer Is between 5% and 

50%, and Hm amount of dnivatised carboaqOic add co-monomer is between 0.1% and 15%^ 

vitoeintfae 9umof the amounts of aoyjamidc deiivative. l^dcopUIio oo-monomer and 

dttivatised cacboxylic add co-monomer is 100^ 

S 

25 QnedgBedmllioartwDls^ipredate^ 

^Aetic polymer will he dependent toJvarying degrees on the final qiplieatiQii of dse bfo- 
fiynftfitic matrfoc. For example, for oph|[ialmio appUcations, it it unportant that the final matrix be 
clear, whereas for other tissue eaguiee^)ng iippUcationd, the darity of the matrix may not be an 
imjw tunt ftctor. 

30 



10 
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Id erne emlmifimrat of ibe preset^ invBn^oii, ft^ 

ose ftci^aimde derivati vBi^ one fayifaophSie co-fnasomer and one dcrivatised carbwcyHo add co- 
mxmamar. la aielated exnlmlini^ flte^ynfiiettc polymer is a tezpolymer comprising NiPAAm 
monomer, Bczylie acid (AAc) monomer |aid ^ detivatised aoylic acid monomer, la anotiier 
5 embodiment, fhe sjynthetic polymer is a j^^olymer comprising NiPAAm monomeis, aa^iamide 
(AAm)monoimjex9anddKivatisedaciyl{c8etdmoiE^^ &aieIfltedQDntbodimat,llio 

dmws^Md ggryHft fli^d mftnomer is>l,d^oHgyffiieciirimi^«* *'"Ntfiftrtftd. In aiftftthfif fgtetftd 

embodhnent of the preaeat invHntioa- ti|s taipolymer l& piepared wih a feed ratlft tfi«t ft<vmf pftfl 
NiPAAm mmiomtt^ AAo monomer anffN-^n yl oxya u cctinmlde in axatio of aboot 8S;1Q:S molar 
10 %. 

1^ JSiapofymer 

BiD-polymers are na ni fal ly *occuning polymers, such as proteins and oaAohydfites. la 
accordance wjtii the pscsaA invention, tlie bio-^ynthetic matrix conqrrises a bii>-pQlyaiier crosa- 

15 linked to the aynthetie po|>m€x fay mea^s of ttio pendant cros8-Unkii\K moieties in the latter. 
Tims, fo- the puiposes of &o present invention fte bio-polymer contains one or mOi« gioups 
whiehamGBpd>leofieftct!i|g<wilhllieAnM^ ^primafyamineorafliio^ 
Exan^>le3 of suitaiile bio-polymgrs tor Ote fn die pn^cnt invgntion inchideL but osr nnt HmH^ f» 
coUagena, denatmed oollagens (or gelatins), fibrin-fibrinogeap dastin, gtyeoprotetna^ algbiale and 

20 gluco&aminoglycans. One akOIed in tbe^^ wiU appiecf ate that some of tfiese bio-polym«K« may 
need to be derirotised in order to contaEn a suitable tractive gtoup» for example, 
glac os am m otfycwna need <o ba deacetsilated or desu^dialed inoidar to posseas aprimaiy amine 
gn»9. Sudi dotvatisation canbe achic^ by standaidtechznques and iaconsidered to be witfain 
tbe onBnaiy skillfi of a wod» in tbo ar|. 

25 

1 

i.j Bimt£di^ Agents [ 

The syndicdo polymer according to theinesent iicvention contains a plinali^ of pendant ciosd- 
linldng moietittfi. It will be ^parait i}iat sufficient cxos^lintdng of the syntihetio and Uo- 
polymeia to achieve a aidlably robust matrix can be achieved ^fbout xeacdon of aU fiee i^oss- 



11 



CA 02397379 2002-08-09 



QnkiQg gnropa. Bxross groups x&ay, fl^ 
hioacttve agents to tfie malibc. Ih OEM 

groups arc fioccinimidtyl gnnq>s and suil^hle bioactlve 4g»ts for grafting to the pobmear aie fiiose 
•wbich coniam csAiitc fkrimaiy omuijo or l^sol groins* oriwbieh can be mdi]y derivadsed so as to 
5 contain these groups. ^ 

ii 

Bioactiveagaits that ni^ be incoipoiatR^ into ti^ 

gxovps inoto d e^ lhrgpgiipte» growth ^ckois, rotinoidsy enzymes, cell edhesion Actors, laminin, 
hoxmones, osteogenic iketotts, csffoklnes, antOHidBea^ antigens^ aadblologiGaQy adiveprotains^ 
10 peiitldes or fDBgmenta thereof ^ 

j 

\ 

Zl PreparaHan qf the SynAeOc P^ymer 

Co-polymerization of the components &r the ^b&s&o polymer can be aehieved «*i»b standard 
15 fflethods known in the art [&r exampIeT see A. Rawe Ttinfiiples of Po^rmer Chemistry^, 
Cb^rter 3. Pknnm Pcess, New Yoik 1§9S], locally appiopxiate quantities of each of tte 
monomen aitt diapecsed iri a suitable s^Nmt in tite 

maintBined at an appiupiiatia (enqieiatispe anddie co>poJymecisaliaa dlow^to 
proceed fbr a pto^eteiiDined period of |iiiia* Hie resulting polymer can ttien be purified fiom ^ 
20 mixture by c^>iaveotionB]methods»ibr^cani^ 

Tbe solvent fiv fte co-polymerisation ^aedon may be n iion.-«qoeovs solvent if one monomer is 
^^lydealbr sensitive an aipieous^Iven^ SdtAleaqpeons solvents indndoy but iite oat 
limited to, -waier, tauflBsis and salt solutwus. SuitBible noiwiqiiBOiis solvems are typicaflly cyclic 
2S ethersL, sudi as dioxane, chlorinated hy^cafbons (for example* chloroform} or aiomStic 

hydrocarbons (for example, benzene), tti one embodiment of the present invention* tha solvent is 
a noa-acroeous solvent In a related embodiment, fte solvent Is dioxane. 
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10 



Suitable polymcdsaSon initiatots are knimniiitiie art and areustcdly fte&ndieal initiatTOSw 
fixaimples of auitaUe Smdatora include, out are not lixtdted to» 2,2'-azDbisiBobuQTODitdle (AIBN), 
other azo oon^unds^ such as 2^'-azobn9-2-«diylinnopiau^ 2^'-4kZobi3-2* 
^lopropy^nopionitcile; S^'-azobiscyc^ohexaneniiril^ 2^'-ozobiscyclooctaziexiitiile» and 
peroxide compouods, such as ^banzoytlpeioxide and its substituted analogues^ and persul&tes» 
sudh as sodluUt potBSsiutn^ aic 

Croas-linkiog of tte synthetic andbio^oiymecs can ba teadOy achieved l^xnixix^ appiup iiate 
amountaofeadbptrijymeratroonatemi^yatura I^inllyOie solvent is 

an aqueous solvent, such as a salt sohit^cm, buffer solntioi], cdlcidturoittadium. or adfinted or 
modified version hereof One sldUed iti the an iTviU qypre^^ 

helix struchire of polymers such as collagen mthout causing fibziHogenisis and / or opaci&cation 
of the hydrogel the csross-Hnktng reaHoik should be oonduatad in aqueous madia at neutral pH. 

15 Tbc significant levels of amino adds ix£nutxiait media nnznoUy used for ceU culture cause 
side reactions vMi sneeiounidyi grenqs| and oOusr oross-lhddQg moieties, which can result In 
dfivetsion of diese g^ups jBrom the cioa^Iinkmg loaotion. Use of amedhim fine of amino adds 
and other piotBinacious mateials can hjblp to prevent diese side reaottonsand, theiefaro, inctease 
Ihe number of cross-links that £bcm beebvoan the oynthedc and bio^lymezs. Conducting the 

20 ccosspliiddne reaction in aqueous solution at room or physiolo^cal tempeiatures allows bo& 

Cfoss-Unteing and fta much sln wier hyd|Dlyalfl of any unrBsct^ muit4nlmiAy i ^igp^ to take pbcc 
to produce a FNOPAAm-oo AAc Gro8s-|inlced blopo^ymer £01. If neeessacy, aSa tte cross-lhddng 



25 



30 



tofoim. 

One skilled in the art ^vriU understand illat the amount of neb polymer to be included in the 




hydrogd be dqpend»t on the < 
hydroEd^ fo eattoad using Mgher initial amoonts of each potymar will rasult in tl^i fiwmiytf <>n qf a 
more robust gel due to tho lower vrater contenfc and Hxepiesenoe of a greater amount of cioss- 
linked polymer. In accoxdance with the pMsent hxvantion, Ihe final hydxogel con^rises between 
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I 

a 

3 

70 and 99.7 % by vretctht of water, between 0.1 aod tO%hy w^ght of siyndiedcpoIsaDBraiul 
faetweeao 03 and 30 %by wdgjht of bic^polyiner. boxieendwdi^^ ^ 
final hydrogd contahia afeopt 95 % by ^ At of water, fa a rriated Bmhodimgnt, ihm final 
hydrc^ Gontams betixmn about 1 — 2 & by ^ 
5 weight of bio-po]>7ner. I& Accoidance ^ddi the present mvcmtio]), &e componeiite of tlxie bydcosal 
ate sabstBatioUy diemically cross-linked so as to be ngzt-ejdrectBble. 

H» lelactive gmonnte of each pohrmer to be incXuAfd in Aa hydtogcl giitrilarly iini fj^i^ 
oa fhe lypa of syafhedc polymer and Uii-^olyiaeir beS^g used and vpon die intended sppU&Siim 
10 fbr the bydio^^L One akiUed in ^ art ^vill appro^te iSnat tiie rekiive amounts of water, 

polymer and ^fntheiio polymer ratios WiU inftaeaee tiie final gel pxoperties in vmom viraya, fbr 
example, high quantities of wuter will produce a vety soft li^dfogel; high quantititt of bio- 
po^mer wiU pioduce a voy sdir liydn^ 

produce m opaijue bg^drogel. Jsx accordance wfdi the present inveiEti<ni. the w^ght per wd^ 
15 i»tio of synmetxc polymer :bio-polyma: is betweroa^ 

embodiment of die present invendoa tlite ratio of syn&alio polymer : Uo^lymsr is between 1 : 1 
aod 1:3. t 

I 

laeotyanHon oJ^HuOaeA^nts i$Uo ihe Bto-^nOuate Matrix 
20 BioBptiva agents can be incoipOrtied «hc mattfx eitiier by eavalegt »it,«ik,«m^t (n, '^fUn ^ 

matrix. Exao^leB of Uoactive agents bo arnSea^ atlaahed to flw synthsdo polymer 

oraxxponentofthe matrix are givai above. Fcn-cwval^ 

^Ihetie polymer fa fiist leactad with &a Moacttve Meat and tfam mhteyi<«qy 

25 *obio^lymerasdescnT»dabov8.Rijtoionofaiebioaotivoaeantv^ 

can be eondueted under standard condi|ions. for example by mixing tfan bioaclivB agent and tiie 
iyi^wticpoljTOBr toee«Mrlft anottflqweons BoJvcnl; such as NJ^'-dimethjrl fotmamide. Hie use 
of B noD^qaeoiis salvent sndds iQrdio^ of flie leaetive graops during fneoipoiation of (he 
bioBctivB agent Altanatively, the reaction may be oondxicted as dnscribad abova Eoi the aoss- 

30 linking leasdon. 
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Bioafitive agents ^vluch are not smtable for grafiing to tfia polymer^ feff aflfampl^ ^ tf^^^p yi^t 
contain pzimafy amino or ftea tbiol grDijtps for rKcdon vnft soocinmiidyl groupfi in tiie ^jnn&clio 
polymer, or wlucli oennot be deiivatisttl! to provide such groups, can be entrapped m ttto fi^ftl 
5 matrix. Examples 6fbioacti-ve ageots ^lob may be enttajipcd in the matrix inctode, but are not 
Umited to. cettaia TttwirnnnBirtfeal dmgsi djagpostip agante, vmk vectefR, mtrfaift »^iAfi tf^e 
like. For entrapnest; ttie bioactivB a^ift U added to a solu^ 

apprapdate solvent prior to ndsOore of |xe syndiedo ptdymer and ibe hio-yolyam to £bnn a 
Gtossrlinkad bydrog^ AltetnatiVBlyy tb^ bioacliva agent can be added to a soludon contaimng 
10 boA tbe synihetio and Ho-polymeis pri|r to tbe cross-linking step. Tbe bioacdve agent is mixed 
into topdymer soludon sudi &at it is jUbstsndaUyumfo^^ 

bydfogel is subsequeudy lomed as dni^ribed above. Appropiiate solvents for use with the 
trioactive agjftat will he dependent on ttfe propCTBas erf the agent and can ba iMdi^ <ig teffmttM»tf 
one skilled in the art 

15 

Ihe bio^thetio matrix accoxding to 4c pj?es 

thexein and peimit deUvexy of the ceils |o a tissue or oxgan in vho. A variety of dififeient cell 
types may be ddiveted using the bio- Jiflietic malrix, for example, myocyte^ ocular cdls («^ 

20 fiom die di£brent corneal layers). adip|q^ flbxomyoblasts, ectodemial cells, muscle cells, 
osteoUfists e. Inme odb), chondniqy&s (le. cartilaga ceils), endothefial cells, fibroblasto, 
panotcatio ceU^ h^atopytes^ bile duct bone marrow cells, neuml ceUs, gpngt mmV^ 
(mohiding nephritic edts), or cmnbinadjotts thmoC The matrix may thus be used to deliver 
totipotmt stem cells, phmpotent ptogehhor cells or xe^progcammed (dedifiRaenriaied) cells to an 

25 in v/V£> site such that ceUsofdie same ffippo as the ti«^ Forexample, 
mesenchymal stem cdls. ^ch are undififeranti^^ 

mesendqond dam cells hielude diose |Mch can divecsiQr to produce osteoblasts (to geneiate 
new bone tiBsue), chondro^tes (to gei^mie new cartilaginous tl ssue}, and fibroblasts (to produce 
new connective tbsne). 
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Gdls im be readily eninpped in Ihe Slul nist^ 
synftetic polymer prior to admixtiiie ^th llie bio^po]^ 
Altfittadveb^^ &e celb can be added to u sohttion eostalntng bo0i th^ 

prior to the cross^ldng step. The syntitetic polymer may be meted with a bioactive agent prior 
5 to admixture wifli the cells if deaixed. Tspical]y» for ^ encap&i^latiQn of cells (n the matrix. Hie 
vadous conipoiientfl (ce1b» symbetic poljyner and bio^i^ynier) axe dispersed in an aqneous 
medivm, foidi as a caU ciihaxe medium W a ffiittrt 

snspeasion is Tnixed gentiy mto iho poljrmCT sohrflm imtH thft eglln mn» jmliqffmt|>11y mif mrnly 

dispersed in tbe solution, then the faydvcigel is fomed as described above. 

10 

3. TESTING TffEBI€>^yNlWS77C MATRIX 

In accordance widi iStyb present inveatioo, the bio-fltyntfaelic matrix eompnaes a by drogel mth or 
without added bioactive agents and/or oi^^istdatad cdBs. In oxder to be suitable &r in vivo 
fmntammio n fee tiaaue eng i nff w ri ny purpoaeg> flie bSo-synifa^ matrht mtigt rt>aii%tegn Sta ftw^ 

1 S plQrsiologlca! tempetaiaxes, be adequatiely xobasl; and sa^oxt ^ growtb of calls. It may also be 
desirable for the matrix to support the ^towdi of nerves. It will be tidily appreciated tbat for 
certain specialised asfplicerions, the majdrbc may require ofliar characteristics. For ejoariple, tor 
smgical puposes^ the matdx ma^ needjSto be relatively flexible as well as strong enough to 
suppint suri^cal man^mlation with suh^ ttamd and needle, and for ophtiialmic i^lication9, 

20 such as comea repair or xeplacement, ^ c^tical clarity of the matrix will be important 

Tbe aUlity of the 1rio»$yn1betio matrix tj withstand shearing fbroea can be xough^y deleimined by 
aijplying fbroes in opposite ditectiona t& the qpedmenusitig two pairs of feroeps. Quantitative 
25 chBTBCterisation can be acUeved. for eoifample, through tiie use of sutuxe pull-out meaaurements 
on moulded matrisc samples. For examine, fixr matrix that bos been moulded in Ote shs^^ and 
thickness of a human cornea, two diametrically opposed sutmes can be inserted bito the matrix, 
as would be xeqoked for the first step in ocular implantation. The two sutures can then be pulled 
apart at 1 0 imn/bun on a auitaible instnnnent; sudb as an Instxon Tensile Te&tar. S txength at 

16 
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xuptine of tte inatiix is cdeulalied, toge^^ 

tiaii&mission and Is^ scatter can dsft Ty ntMBored for iWRtricg^ intended for opidlialdde 
appUoat! mis using a eustom-buOt instraikieiit fliat measmes both transniissioj) and soatter [see, ibr 
exampl&i Priest and Mangia, ImesL QplhthdlmaL Via. ScL 39: S3S2 - S361 (1998)]. 

5 3.2 In vitro Te^ng 

It wll be readily ^jpreciated&at to bifr-syflft 

stntable for in vtvd use. Tho <^otoxioi^ of the bio^syn&etie matxix and its ability to siqiport eeO 
growth cm be assessed in vitro using sfihndard techniques. 

1 0 For 63£ample, oeHs fieom an appropriate &ell lin^ socb as human endoflielial cells, can be seeded 
elfiter directly onto the matrix or onto ofi VproprlBie material snnuundh^ tiie matrix. AAct 
gtowfc in the presence ofa suitable cul&ac medium form 

hfetolofitfcal examination of the matrix oan be conducted to detennine ^eBier fhe cells hove 
groivn over tile suf&ce of and/or mto the matxix. Alternatively, vaiying concentrations of the 
1 5 matxj X can be dissolved in ouhure meditira and the resulting solution can be tested tar its ability 
to support cell growdi. 

The ahiUty of fhe matrix to st^porc iflp^^ of ni^ve 0^ 

example^ a nerve source, such as dorsa^root £jangUa, can be embedded into an apptopxSate 
20 material surrounding the matrix. Cells i^mn an a ppmpt i a te cell line can then be seeded clth» 
directly onto the tuatrix or onto an ^ijipriate material surr^ 

can be incobeted in the pre$eiu^ of a si|(table culture medium fat an appropriate length of time. 
ExamiBation of to nittlrbc, direody aniS/ or in ttift ptesan^ 

exan^Io by innnunofluoresceQce usin^ a nerve-specific fluorescent mazker» ica nteve giQi«vdi vnU 
25 indteate to abffilyofto matrix to supj^rt neural inrgro^^ 



3^3 In vivo TesdHg 



In Older to assess to bioeonqiatibiUty of to blo-^ynfiieliG matrix and its ability to aiqipoiit cell 
growth in vtvo^ to matrix can be inqdanted into an appropriate animal modeo. At various 8tBg<» 
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post4nxplBiitation» Uopses can be takea to assess cell growth over the BiuAce of and/or inio the 
inqplant Histological examinatiQii can also be lued to 

oocmxed and^wfasfim ififlamniatoiy or i^nmune cells mpxesent at the site of the hnplant. 
Measmenzedt of ihe nerve action potentials using standard tedmlqiQes will provide aoa indication 
5 ofvdiedierlheofirvinaiefttiifitiooaL 



Tfff piaaent inventimi pmvides a ihngti^iial MtwayitiifidiB tagtyffy ^»»«ch fc» rtAvnt^^ ^^ftWnnpirtlMe 

and noorcytotDido end thaeforo suitable fbs use as a scaffold to aUow tissue xegenmtion In vtfQ. 
10 For exaisplei the bio-^ttietiQ matrix cm. be used for implantatioii Into a patient to replace fosixe 
diat has been danuiged or removed^ for |Wound eovei^e, as a tissue sealant or adhesive, as a skin 
aubstitule or as a cotnea substitute. The^inatrlx can be moulded into an approptiote ahs^e prior to 
implantation, for example it can be pxe-^Smned to fill the tgpaee left by damaged or removed 
tissue. AlteinBdvdy» when used 83 on inqilant, 
IS injecting the components into the damaged tissue and allowing the pol^meis to czossnlink and gel 
at physiological te mjjeiatu ie. In one em jbodiment of the piesent invention, the matrix Is pre- 
fbrmed* In arelated embodiment the miUbdx is pre-fimned as afiiU tludaiess artifidal cornea or 
as a partial thidcaesfi matrix suitable fbij a cornea veneer. 



1 



The bio*4ynthetie matrix can be used albae and as soch wU 
situ. Altfitnatively, the nmtrix can be seeded with cells prior to implantation and si^port the 
ou tg ro w Ji of these cells in vivo to repair and/or rqplaoe the sunounding tissue. It is oontenxplated 
that Ate calls may be derived fiom the j^sitledt, or they may be allogeneic or xenogenic in ori^ 
For example^ cells can be harve^d a patient (prior to. or during, surgery to repair 4e 
25 tissue) and iiroeessed under sterile con^ons to provide a q^eciflo ce]1 ^pe such as plunpotent 
cells, stem cells or precursor cells. Tiled e cdls can then be seeded into the matrix, as described 
eibo ve aztd the matrix can be subsequent in^tanted info the patient 

Ihe matrix can also be used to coat auiigical implants to help seal tissues or to help adhere 
30 implsrits to tissue surfitceSp for example^ tOvough the formation of cross-links between umeaoted 
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saot^jttoaAfl gioiq>s on ifac synthetic poiymcr conipoaiftflt of tiie lyd^^dandp rifnHfy iiiiniio ttt 
lliiol ffxfo^ present in ttue tissue. For example;, a layar of ifae mattix may be used to patch 
pciforariodaifl^conigaSyOrtocatfaeteg^orht^^ 

vascidar graAs w steats to nuniiBise blood or serosal fluid leaksgo, to artificial patdinfi or n^feghes 

r 

S to nunimise fibrosis aEixd belp adhesion of the implants to tissue surfaces. 

I 

Tbematdxmsy olsobe usedto defiver^bioactivqagBirt 
daU vexed togediflr witii tiie qfnthctic 

bioecttvB agent can fbnEi£n5»r^ orthe^iatYbc coix^uisingthebioactiveBge^ 
10 and imptanted. Once within die body. Hie Moacdvc agent may hA fdcased fton^ matrix 
duough difihsionfCOatioUed pxocB9se3 |r, if the bioactive agent is oovaleudy bound to the 
xnatroc» ft may be enz^raatfoaUty cleaved! fiom the mslrix and subsecpicndy rdeased by difiusuni'* 
eonbolled prooeffles or it may exert its ftf&fits 

i 

15 In one embodiment of the present {nvei|ion» the bio-aynfbctic matrix is used as an astiftoial 

comea. For thi s appli^on* the hydrog|l is designed to have a high optical transndsaion and low 
ligfal scattezii^ For exanqile, faydrog^]^, comprismg a s^nsOtetic pNiPAAm-co-AAc-oo-N- 
aeiyloxysuocinumde teipolyma pcoss-^inlced to ooQagan have high optical transmission, veiy 
tow lifibt scattering and are capable of lymftinhigctearqp to 55^ The artificiai cornea can be 

20 prepared by edmixtuie of die syndiade and bio-polymer» and iigecdon of the lesuttantinixtani 
into a suitable mould. After cross-linkixig at 4°C, the inciibation tenqieratme can then be raised to 
about 37% to allow for the fbrmalion of die final hjydrogd. Hie artificial cornea dius formed can 
bo washed extensively in to remove N-hydro^Qnsuednimide produced by the cross-linking 
leactian and by hydgolvtio te miinarinn rtf any imigactad gmM JinlciT^ eF"'Ti^ rf w"ft<"<*>g *hft 

25 smtrfac prior to use. i 



5. KiTS i 

The present invention also contemplate? kits comprising die bio-syntfacfic matrix. The kits m^ 
comprise a "ready-madtf * form of the mairix or Ihey may comprise the individual components 
30 required to make the matrix (ie. the j^ynthetic polymn, with or without attached bioactive ag^ls, 
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and ^te bio-polyzxier) in uppivpn ato proportiotts. The kits msy farther compise instructions fin* 
use, one or more suitable solveolSy one (|r more instrameots for as^sting with fhe infe^on or 
placement of flie fi]^ matrix cos^^oatdln wi^^ 

pipette, fbioeps, ciye dxo^pcr or siinilar medically i^iproved deliveiy vcfaideX or a oamhnmtion 
5 fliercofllndWduaicoDaiwwieflptsqfto 

fimher comprise a notice in ihe &nnpx|sCTbed agovCTmeDtal agency legulatiDg the 
aaaufertw-. of bk-logical jfd^ Mddch>otlcei«flc6ts api«ml fay^ag«»9af 

fhe mfinufiictuto, use or sale for human ^ animal adnxinistx^on. 

! 

10 To gain a better undeatandlng of the indention described herein, Ifae following escamplea are set 
fbrdL It should be tmdetstood that Aese examples are fbrin^^ 
they should not limit ^ scope of this ixtvanticm in any way. 



EXAMBLEB 



15 AMnrevfaitfanis 

RTT: 

ddUbO: 

FBS: 

D-PBS: 
20 AIBN: 

NiPAAm: 

flNiPAAm: 

AAc: 

A5I: 

25 pNIPAAm-co-AAe: 

polyQ^iPAAm-co-AAo-co-ASI); 

QVCz 



disitaiedp de-ioolsed waiiw 



DiUbecco^s phosphate bufiBsrad saltne 
a2>9bis-i8obutyiQnitrile 
N-fsopropylaciylamide 
po(ly(N-iso-ptopylaciylamide) 
ac^lic add 

N^aecyloxyauocinimUa 

eo^Iymer of NiPAAm and AAc 

It 

tes^lymer of N^lsppzopylaciylamide^ (NIPAaM), aciylic 
acid (AAc) and N-«cty]oxy5uccinimjdd (AST) 
gel pennotion chtomaiogKapihy 
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AU 9^ matrices desrarQied in the Bxaznples set cut ^ 

telocoHagen (ret*tml tendoA, RTt) or etdlo^Uagan (bovioe or poxdne), which cm, he pi^mved in 
did laboratoiy or moie coaveniezidy is a^ailablje coxmoerdany (for examplei fiom BectQn 
Diddoson at a concoitxaiion of 3.0-3.S ^ogAnl in (X.02N acefo add). Sudi coUagens can be 
stcned for n»iiy TOondis at 4^C. la addU^ 

coaeenlRited to give eptieaUy «dear, verS viscous scdsdons of 3 - 6 vnfvol % coUagCQ, sidtable 



ii 



ftfpxcparingiiioie robust malnces^ j 

CoO^jca solutions ania^iisted to i>fays£|>logic«lo^ ulhio ionic strength and pH 

10 7.4, through tiie use of aqueous sodium fiydxoxide in &e prasettoe of phosphate buffered saline 
(PBS). FBS. whioh is fiee of amino adcls and oAar mttdents^ was used to avoid dqiledon of 
aosa4iiikiDg reacdvi^by side reaction^ with -^Uk. contHinIng molecules, so allowing the use of 
the minfmum uwucirii at i on tf Cfosa^irifetog fifoups and minlmlBin g any risk of cell toxicily. 

15 FNiPAAm homopolymer powder is arailable oommmnally Cfor example, jftom Polysoience). All 

other polymers were ^yndiesised as oudined below. 

N « 

EXAMPLBt: PEEPAMAnONOFApiaPAAn^CiUJJiGENMnDROGEL 

A 1 wt/vol9isolutionof pNiPAAmhoxnopolymerinddHzO was steri^^ This 
20 soludon was mixed vddi sterile RTT coflagen sohaion p.0-3^ mg^ (wAr> in acedc add (0.02K 
in water] (1:1 voIAroO in asterOotesttim at 4% by syringe pumping to ^ve complete mixing 
vtMiout bubble iSnmation. Cold mixing Imids any prematiirB gdificatfpn or fihrilogenesis of tiie 
col lagen. Hie coUagenrp^nPAAm was &en poured over a plastic dish (untieated culnm dish) or 
amould(«.£; contact lesiBmoid«9 and Iqftiodr^iyunder sterile conditions^ 
2S hood for at least 2-3 dsys at room temperature. Aitor drying to constant weight (-^7 % water 

residue), the fomied matrix was vemov^ fcom the mould. Removal of die matrix from the mould 
is ftctlttated by soakii]^ tte mould in a ^terile PBS at room temperatote. Condnoed soaking of 
die fiaa sample in this soludon gives a ffd at phystologioal pH and ionic strtagdi, suitable for cdD 
growth and in vivo aninud testing. 
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5 EXAMPLE 2: MWMBAIIONOrASmnXIETICTERPOLiaSER 

A coU^gesi-xeaciive teipoiyine^ p6l(yQ^ AAiii-co-AAc-oo?ASO ^iguxe 1 \ iwas agnathedsed by 
Go-pb^merisins the ttsee momimm: NfisopiopylaciylQaiidB^ QS^AAm^ OAS mole), aciylio acid 
(Aoc, 0.10 mole) and N*8czylo3cy9ttocin?nud<^ (ASI, 0.05 mole), lite feed molar latio inw B5:10:5 
(NiFAAin: AAC; ASI), &e fieo-»dicaI ibiiiator AIBN 0).007 moleteole of total monomers) and 
10 the solvent, dioxane (100 ml), nitxogen j^Ufjged before adding AIBN. The reaction proceeded for 
24hat65«a ] 

Affcsr punfieatiaD by lepi^d ]»eeipitatfon to remove traces of homopolymer^ the conqiositioa of 
the ^nth^ed teipolymicr (82% yieliQ ^^n^ fbmid to be g4^9.8:6.D (molar ratio) 1^ proton 
15 NMILlheMQOftfaetBipolymerisS.6 IClO^OafayaquecniaOP^ 

N 

A sdndon of 2 m^ml of the teipolymef^ in D-FBS remafaifld elear even i^) to SS'C A fi6hxdoa of 
10 mgAttl in D-FBS bewne only fdijgjxtly doutfy at 43^ Faifane to lemove bomopot^mer 
fonned hi tfie batdi polymerisataon readion (due to the NiPAAm leaetivi^ eoeffietnt beioB 
20 greater than that of AAc or ASI) fiom tSle tetpolymer gave aqoeons solutions and faydrogels 
Dvhieh cloud at *^3I1^C and above. 

I 

f' 

I 

EXiMPLES: PBEPABAnONOFlsiimHEIWPOLliMERCOMPSISmGA 



BIOACnVEAaENTl^ 

25 A taipolymer» containing the penn^Kiy^e YIG SR (a ikerve cell ^^ch«*^^r motif), was 
synfhesised by mixing the tetpolymer pfepated hi Example 2 (1 .0 g) 2.8|ig of lammln 
pentapeptide (YIGSR, fiom Novabiochdm) in NJHHiunethyl foxmamide. After reecdon for 48 h 
at zoom tempatatinei fte polymer pipdupt was p^p^ 

vacumn dried. It was assumed &at all the YIQSRpentapcptlde was attached to the zeicdve 
30 toipolymer bemise die pendant^ raaetii^ ASI groups erem laqse excess. ASI groups jemanung 
after reactlcm with the pentapeptide are Available for subsequent leacdon with collagen. 
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I* 

5 WCABSPtX4i PXEPAJRAnONOFA €XfUA&m-mgH>lfMERHfDMtOGBL 

A erosi-linkedy texpo^yaieivcaillagea Iqpdrogd \ aade miJdiiB Beamiliaeii 4K bovine 
collagen (1 .2 ml) wiifa the teipolymer pn^pared in Example 2 [0 J4ml (100 mg/ml in D-PBS)] fay 
syringe mixing at 4^. After carofUl syrilige punning to produce a lioinogeneous»1)ubl)le*fiBa 
solutioiu aliquots wqiiq ixQected into ptadltic, conto lens moulds and incubated at room 

10 tompexature for 24 hours to allow reaetito of fte »llag«x -NI^ gEoiq>5 ^vhlh ASI groi:^ as well 
as the slower hydrolysis of residual ASI groi^ to AAc groups* The moulded san^iles warn dieu 
incubated at 37% for 24 boms in 100% lamudifyenv]xamnmt»to£^VBafinBlhydtogeLlhe 
]^ydR>gdccmtaIned 95.4 ±0.194 water, :^3%eolLeaa . 
xnouldedtofaaveafinaldudsnessbetwe^eidiet lSO-2OO|xmarSOO-0X>|jiin,Eaohie8atting 

15 hydrngel matrix was Temoved from its ngould under PBS solution and subsequenQsr immaiaad in 
PBS contBimAB chlorofbim and 0.5^ glydnc. This wash step removed 
bydioxyraecinlmlde produeed in ibA cai^sr-Imldng leaodon and tenmnfltad any uareacted ASI 
groi]^ in die matrix, fay convnrsiosilD acc^o acid groo ps * 



20 



Succimmide readnes left to die gds pj «]| aied ftom eoK^en and teqwlymer ware below the IR 
detficdom Bmit after washing. 



EXAUPIS5: FMEPABATItmOF'jiHFimOGELiMA^ 

Cross-linked hydrogels of (^lagien-iBi pu&ymer comprisixiig YEOSR cell adheaion fiiemr were 

25 prfiptoed by dxaroogbly mixing viscous, Neutralised 4% bovine eoll^gon ml) with teipolymer 

to which lamimn pentapeptide (YIOSR)^evBS eovalendy attached (fiom Example 3; 0.34ml, 100 

mg/ml) at 4^C, foOowing the procedure Sescriiied in Example 4. 

•i 
•» 

BXAMM^USik: COMPAMlSONOFTT^PHWCALFROPEaTMESOFHmRaGEL 
30 MATSICBS .j 

Collagen tfaemiogels (prepared at 37^C ^vithout any chemical cross-linker added) are fiail and 
readily colh^ and break and are obviously opaque (see Figure 10). 
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a 

i 

5 Hie following propecfies of Ac bydrogeKs prepaied as described in Exumdes 4 and S indicale 
tint tb^ are mss-Hflkfid: 

• wal^kisolnble, • 

• atrong enough to support amgical manipnlntion vA1k autme thread and tieedlo 

• robitivaly fleidble in haniaiing 

10 V donuxnstiatD an increase In stress at fidlm» and 

tasting hy Qmrx2 on goitag fijnn equiv^ 

QnnntitHtive cbatactetisstion of tho hydf&gels came from the use of sotuid pult<nit measurements 
on san^les moulded into ibt sfadpe and thickness of a homan oomea. Thi$ involved insertion of 
1 S two diamefxioally ofipoaed sutuiest as ze^uiied Sat the first step in ocular ia^lantatfon, and 
puUhig these two sotmes i^nzC at 10 nmiMn on an bst^ 
well estabfiAed fbr the evahiation of heart valve oonqp^^ 
^Iculatad, tpgather with eloxJigBtion st biteak and elastic modulus. 

20 The hydiogels prgMted as dfiseribftd in Exampleg 4 and S havft liigli njificail jwrnomi^^ i^^ npul 
Yoy low light Bcatteiingy conqkarable to the hum^ 

instamacBt that menmwes transmiiwion and sBaMer [Prieat and Mkn^ger, Invegt- Oplii-VajTinffi 1/;^ , 
SgL39:S3S2— S361 (199S)].incQatia9tcoU^genr2MlPAAmboikiop6Iyn^ 
xn£xanq>iel; 1,0 : Q>7 to 1 .0 ; 2,0 wt^w^ ware opaqiie at 3!Pn In addhiftn, th? p>rip a Am 
25 homopolymer In gels ftftmRxanyle 1 ojtiaots out into aqueous media, includhig pt^ologlcal 

liquids. i; 

■ 

1 

Pfeme 1 0 shows (M the atructure of ftg Aegpoiymer. The jnmeased tfanspamiffy th e ty^nf^l 
gcsfflJd composed of the coMagBn taipol^mer is also shown fa Pigm^ 1 fl; (ii) Hiwrnrig^i gi 

30 



I 

i 

EXAMPLE 7i m\ivoTEsmfodFVAMommO''Sna^^ 

Ilydffogelsfiknnedasdwaibedinfixanq^les 1, 4 and 5 were moulded to fbtm artificial corneas 
and implanted into tiie^es of pigs (Figure 2). 



24 



GA 02397379 2002-08-09 



As m vm> corneal in^Iants, Ifao fivim Exa^^ 
pigs' eyes. 

<l 

J 

Hie faydrogel pxttpared fiom 4% collageA and peotspaptide-t^polymer as described in &afiq[»te 5 
10 demonstiated goodUocQnipatiUlity as &d the collag^tarpolyiner faydxo^Bl picinied as 
described in Example 4. Moierapdd, complete epithelial call ov eggp o wfli and fornwdon of 
multtpl^ layers occurred when ftie foimAr hydrogel was used* as compared to coHagen- 
tfiipolymer bydtogel vMch showed sloiMr» less contigiious^ cpiflidial cell gnmtii, mthont 
fonttaBoo of multiple layers. 

15 

iff vfi^ oonfbcal ntaoaeope images of 1^ 

pentapeptiide-teipolymer (fiom Example 5; final cooacaiitratioii: ooUagon 2.3 wt 9^ tBcpo^musr "i- 
pantapeptida 1.6 ^ %) and implanted into a pig^s eye showed that ejdfhelium cells giew over 
this matnx and stxatified. A basement mambraae was regenerated and bemidesmosomes, 
20 indicating a stably anchored q>ithclumi».weia present Sttomal cells wete found to spread inside 
die matrix after <m|y three weeiks. The implad^ baoame 

impIontBtion (CkichBt-Bomiet Aesdteaodieter)indical^ Nerve in- 

giowfii was also observe dizecdy by co|£:>cal miooscopy and histology. No cUnical jg gn* of 
adverae laflammstion or immunB leacddh wera obsarved over an 8 week pctiod ftJlowiiig 
25 in9lantation.Sa6Figtn«s3-8. \ 

Figme 9 Aovfa (A) a secfxon tiuoagh th^ pig eotnea at 3 wedcs peslKlii^laiitatiaaB, sfainad 
picTD-shius led, widdi demonfitraftea die btromsl-inplant intex&oe (aczawheads). The tf»y^«Tt 
sin&^hasbecmTe-covemlbyastiatificajl epidielium* (B) a similar seetioa at Swedes post* 

30 implantation. Stromal cells have moved Into the implant and the Implant i^^rs to have been 
replaced 1^ tissue aub-epithelially (quomIs}. (C) a higher magoificattou of the epithelium (H A; £ 
staineiOdiowing the regenerated basam^t membrane (atnm (D) a cozresponding section 
stained with antl-lype Vn collagen antibody that recognizes hemidesmosomes attadied to the 
basemeot membrane (aoDow). (E) fhehemidesmosomes (arrows) attached to the undeiiying 

35 basement membiranies are dearly visualized by transimlsdon dec^a ndcroscopy fTENQ. ^ a 
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5 fiftt mniTnt of Ae pjg cmnea allowing vdhfBS (attoiwftfiads) wWdn tiiB imptaiit* stained wMi an 



Whole mount confiml miciosco|iic imap^ of ^ 

icgeaeiated corneal epitfaaliuip CPigurc jpD) and basement mcdsibtanft (Figure 10E)oiifhe 
SUX&C8 of &e implant /if vitroisgeve gcc&vA pattems ^x^flnntfae coUagea-teipol^mer 
composite arediominPigote lOFaibdlvitliinthemulBdy^ 
lOH shows In^groijvlngfrtitmiai cells. j 



r 



EXAMPLES: NEUR4L SS-OROWI^INXO COLLAGEN^TERPOLTMER MATRICES 

15 mMm^n:BEAm ^ 

Following euthana^ the whole farain o^ each moose or xat used was excised and placed wiUnn a 
stetotaxie frame. Either two nucroJicties (j^ inl)orthTee mictoHttes (3 m]) of hydiogd contBining 
coUagpn, tBipo]ymez^pentBpq;>ttd6 at citlfiBf 033% collaeen - 0^% teipolymer or 0.63% 
collageiipO.44% teqiolymer was |]yeGted.over a pedod of 6 to 10 sunt respectively; mto each 
20 individud mouse fazain, at liiefiiUowliig^^^ 
nm fixmi fliB niidline. For rats, four to six 

each hniin, at 0.7-0.8 mm iivmbxegma, 6 mm deep and4 mm fiomfl&e midUne. The hydiogd 
san^Ies were mixed with Coomassie blue dye fi>r visualizadoiu 

25 Results indicate $npcessS3l direct^ jiredse teUveiy of smaU aamunt of flielqrdrogel into the 
stratum of the biain. In Aese sampi es. Tins suggests that it is po sslble to use ^ lordiogel as a 
delivciy system for celb or drags into specific loealioas at vary small volumes. 

r 



30 The invendon bang thus descsibed, it wit^ be obvious that ^e same may be varied in many ways* 
Such variations am not to bemgifiKdedasiadepsxtaite&oittfoo qriritaiid scope of foe invenQtion» 
and all sutix modifioations as would be obvious to one skilled in the ait are intmded to be 
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THE EMBODIMSm^ OF THE DifENTlON IN WHICH AN EXCXUSIVE PROFERTY 
OXtl^RlVlLEGE IS C3LAIIMDBD AR]^ DEFINED AS FOLLOWS^ 



1} 



1. A teipolynier eompusmg N-isopropylaciylaiiiidet, amyiio acid and N-gciyloxysuccininHde^ 

i 

2. A blo^gyntfietie matrix oomprimng: j 

(a) a tecpo^oner cominnsing N*isGp^yIaciylaiidda, aoylic add and N<- 

actyloxysocnmimldftj and l 

I* 

(b) abiopolyiiier, j 

wherdn said torpalycner and said bidpoIyiXLex are cxoss-linkad* 

3. Useofabio-a^ynflietiomairixasasG^foldtoffl 
bio-^ynAetie inatiix oompiises: ^ 

• (a) a terpotymar comprisiiig N-isopmpylaaylailildfift aoylic add and N- 
acryltn^sucdminide^ and 
(b) abiopolyxner» . 
and Tvheri^ said ttipdymer mid sod b^ 

!* 

4b UseofabiD-synlhedcTnaixixtodali^ozioQ^ 

mnminal, wfaerciA said bio-syathstiomatiuc comprises: 
(a) a tet|WlynMr comprising N-isofn^^ 

aciyloxysucdmmide^.and 
Od aUapolymar. 

and viAcicin. sdd terpolysasBr and saic^ biopolyxnat aro doss-BnkBd. 

5. The terpplymer according to claim IJitkebio-syntlieticnislrixacco^ 

acccxdiagtodaini3or4,'vi^he£d&saylbiopo^y^^ . 

i 
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Figure 11 
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